Purpose: To report the prevalence of cataract and its subtypes in patients with type II diabetes mellitus and the risk factors associated with these cataracts.
Introduction
Cataract, which accounts for nearly half of the blind population, is the commonest cause of preventable blindness worldwide. 1 In India, according to a recent survey by the Rapid Assessment of Avoidable Blindness (RAAB), cataract is responsible for 77.5% of avoidable blindness. 2 Many studies (clinical, epidemiological and basic science) have documented an association between diabetes and cataract. The data from three population-based studies -the Beaver Dam Eye Study, the Blue Mountains Eye Study, and the Visual Impairment Project -have also found an association between diabetes and posterior subcapsular cataract, and less consistently, with cortical cataract. 5-9, 11-16,22 , The Blue
Mountains Eye Study showed that an impaired fasting glucose, in the absence of clinical diabetes, was also a risk factor for the development of cortical cataract. 4 There are evidences that the risk of cataract increases with increasing duration of diabetes and severity of hyperglycemia.
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As the prevalence of type II diabetes is on the rise, more so in India 3 , it is important to study the prevalence of cataract in this select population. Also, in a clinical setting, a mixed cataract -a combination of nuclear, cortical and subcapsular cataract -is more common than just one single entity 16. Therefore, the association between diabetes and mixed cataract will be of great interest, in an epidemiological study. This study will also help understand how the interplay of clinical and biochemical variables influence the middle (score, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] , and high (score, [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] . 26 The body mass index (BMI) was calculated by using the formula weight (kg)/height(m) 2 . The Blood Pressure (BP) was recorded, in sitting position, in the right arm; two readings were taken 5 minutes apart and the mean of the two was taken as the Blood Pressure. All patients underwent biochemical tests:
glycosylated hemoglobin, hemoglobin, serum lipids and albuminuria. The details of these tests are mentioned elsewhere. 26 The grading of lens opacity, as per the Lens Opacity Classification System (LOCS) III system, was performed by experienced ophthalmologists (PKR and RR). 28 After dilating the pupils with Tropicamide (1%) and Phenylephrine hydrochloride (2.5%) drops (instilled twice, if necessary), the subject's eye was examined using a slit-lamp (SL-120, Carl Zeiss, Meditac, Germany). Using the LOCS III standard photographs (mounted close to the slit lamp), the presence and severity of specific lens opacity was compared and graded. The severity of the lens opacities, according to photographic standards, was separated into four major groups:
Nuclear Opalescence, Nuclear Color, Cortical, and Posterior Subcapsular. If a person had unilateral cataract surgery or a non-gradable lens, the LOCS III score of the fellow eye was used. Those who underwent bilateral cataract surgery were excluded from the analysis. For assessing the grading agreement, 50 patients with various grades of cataract were recruited from the pilot study and were assessed independently by both the graders. The grading agreements were: nuclear opalescence (k=0.87), nuclear color (k=0.83), cortical (k=0.89), and posterior subcapsular (k=0.81). Overall, the average grading agreement was high (k=0.85).
Definitions
Employment status: Persons engaged in any activity resulting in production of goods and services that added value to the country's gross domestic product were considered as 'employed'. 29 Those who were not working but were seeking work were considered as 'unemployed'.
Education level: Education level was classified as primary, secondary, tertiary and illiterate.
Those who completed elementary education were categorized under 'primary education', similarly 'secondary education' included those who completed high school, 'tertiary education' referred to those who studied beyond high school. Those who could not read and write were considered 'illiterate'.
Smokers:
Subjects who had any history of smoking were considered as 'smokers'.
Hypertension: Patients having a systolic BP ≥140 mm Hg or diastolic BP ≥ 90 mm Hg or undergoing antihypertensive therapy were diagnosed with hypertension.
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Significant cataracts: A significant nuclear cataract (NC) was identified by the presence of a LOCS III score of >4 for NO or >4 for NC. Similarly, a significant cortical cataract (CC) was identified by the presence of a LOCS III score of >2 for C and a significant posterior Page 6 of 31 IOVS 7 | P a g e subcapsular cataract (PSC) was identified by the presence of a LOCS III score of >2 for PSC. 7, 30 Sight-threatening diabetic retinopathy (Referable diabetic retinopathy): It was defined as severe non-proliferative diabetic retinopathy, proliferative diabetic retinopathy and clinically significant macular edema.
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Albuminuria: The patient was considered to have normoalbuminuria, if the Albumin Creatinine Ratio (ACR) was less than 30 mg/g; microalbuminuria, if the ACR was between 30-299 mg/g; and macroalbuminuria, if the ACR was ≥ 300 mg/g. 32 Diabetic neuropathy: The presence of diabetic neuropathy was considered if the Vibration pressure threshold value (using a sensitometer) was >20 V. 33 Of the 5999 subjects enumerated, 1414 individuals with diabetes (both known and newly diagnosed) were analyzed for the study. The response rate for first fasting blood sugar estimation and base hospital examination was 96.20% and 85.60% respectively. 8.7%
turned out as non-diabetic after the second blood sugar, and 0.78% retinal images were ungradable. 3 Of the 1414 individuals with diabetes, 125 were excluded as they had undergone bilateral cataract surgeries. After excluding eyes for which grading was not possible (2 corneal opacity, 3 phthisis bulbi and 1 enucleated eye), 1283 subjects were included in the final analysis ( Figure 1 ). 
Results
The age and gender adjusted prevalence of cataract in the study was 65.7%. We also analyzed the data to find out the influence of gender, duration of diabetes, known or newly-diagnosed diabetes on the risk factors causing cataract; table 5 enumerates those risk factors that showed these differences. Increasing age and low hemoglobin were risk factors for both the genders; however, macroalbuminuria was noted to be significant only in men. For both shorter and longer duration of diabetes (<10 years Vs >10 years),
increasing age was associated with cataract development; macroalbuminuria, low hemoglobin and low serum cholesterol were significant with shorter duration of diabetes;
and glycosylated hemoglobin was significant with longer duration of diabetes. Increasing age was significantly related to cataract in both newly-diagnosed and known diabetes;
however, macroalbuminuria and low hemoglobin were associated with newly-diagnosed diabetes. 
Discussion
The prevalence of type II Diabetes Mellitus, and its associated complications, is increasing at an alarming rate in India.
cause of blindness -also accounts for visual morbidity. This study shows the high prevalence of cataract in such populations: nearly two out of three person with type II diabetes > 40 years. Identifying this cause and managing the same with surgical treatment will be an important step in reducing the economic burden, particularly among the working age group, in population with diabetes.
In our study, we found that the prevalence of mixed cataract was higher (42%), almost twice, than monotype cataract (19%). Of the mixed types, the most common type was a combination of nuclear sclerosis, cortical cataract and posterior subcapsular cataract (around 20%) followed by a combination of cortical cataract and posterior subcapsular cataract (around 16%). Of the monotype ones, the most common cataract was cortical cataract (around 15%) followed by nuclear (5%) and posterior capsular cataract (1%). Table   8 compares the prevalence rates of these cataracts with published reports. We have selected reports where the subject's profile was somewhat similar to our study and the methodology adopted was that of LOCS III grading. To our surprise, not many have studied cataract profiles exclusively in population with diabetes. The prevalence of any cataract ranged from 35% to 48% in the general population 14,16.34,35 ; however, in subjects with diabetes, it was higher (around 66%). 36 The prevalence of nuclear cataract was around 32%
in the general population 14,16.34 ; however, it was lower in subjects with diabetes (5% in the present study). Posterior subcapsular cataract was found in around 14% of the general population 16.34 , and just 1% in the present population. Similarly, the prevalence of cortical cataract was around 21% in the general population and around 18% in subjects with diabetes. The Framingham study also noted that cortical cataract was more common in individuals with diabetes. 37 Similarly, the Lens Opacities Case-Control Study observed lower frequency of nuclear cataract in people with diabetes.
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In the present report, the multivariate analysis identified four variables -increasing age, poor glycemic control, anemia and macroalbuminuria -as risk factors associated with any cataract (table 4) . In a subgroup analysis, macroalbuminuria and anemia were risk factors for cataract in subjects with shorter duration of diabetes and newly diagnosed diabetes whereas poor glycemic control was related to longer duration of diabetes (Table 5) .
WESDR also found a direct relationship between HbA 1c and cataract. 22 Other studies found an association of cataract with anemia and diabetic nephropathy among subjects with diabetes. [38] [39] [40] It is possible that in diabetes patients, with anemia and diabetic nephropathy, some kind of osmotic imbalance and electrolyte disturbances could be responsible for the increased prevalence of cataract; a similar association between anemia and cataract was observed by other investigators as well. [38] [39] [40] It is likelyhood that different pathways for different age may exist: osmotic imbalance in younger patients (shorter duration and newly diagnosed) and metabolic abnormalities -advanced glycation end products -in older ones (longer duration of diabetes).
On subgroup analysis, women had more cataract than men. C Donnelly et al noted differences in the albumin/total protein ratio and serum Triglyceride level, especially in women predisposing them for cataract. 41 Postmenopausal estrogen deficiency may also be a factor contributing to it. Recent epidemiologic data suggests that estrogen and hormone replacement therapy (HRT) may play a protective role in reducing the incidence of agerelated cataract and cataract surgery. 42 The prevalence of cataract was higher in those with longer duration of diabetes and known diabetes suggesting a more prolonged influence of biochemical cataractogenic stimuli:
hyperglycemia. However, the pathways by which hyperglycemia leads to cataract are still unknown. It can probably due to either a modification of the lens proteins leading to Advanced Glycation Endproduct (AGE) formation or modification of the ATPase pumps leading to osmotic stress or both. 43 For monotypes cataract, multivariate analysis showed that, predominantly, biochemical variables such as anemia, glycemic control, Tryglyceride levels were the risk factors.
However, for mixed cataract, life style variables such as education, lower socioeconmic status and emploment etc. also played a role as risk factors. The present study also noted that abnormalities in the lipid metabolism were related to cataract; for example, serum Triglycerides with nuclear cataract and serum cholesterol with shorter duration of diabetes.
Unlike our study, the Framingham study found an association between elevated serum triglyceride and posterior subcapsular cataract. 34 These differences in risk factors, among the different population, can be related to different genetic patterns associated with different types of cataract. Similar to our results, an association between early onset of cataract and serum cholesterol was seen in animal studies. In animals, with streptozotocin-induced diabetes, cataract appeared sooner in those fed with a cholesterol-rich diet than those fed with an ordinary diet. However, the plasma glucose levels did not differ between the groups. The onset of cataract correlated positively with plasma total cholesterol, triglycerides, and non-HDL cholesterol. 43 The major strengths of this study included it being a population-based one and the presence of a well-defined population of diabetes on whom lens changes were documented using standardized photographic grading with LOCS III charts. Such documentation minimized the chances of bias in classifying various types of cataract and the results can be extrapolated to a specific population with type II diabetes. This kind of information will be extremely useful for health care providers in developing long-term strategies to combat avoidable blindness, globally. The present study is unique as it highlights the risk factorsboth biochemical and life style variables -for both monotypes and mixed cataract.
Modulating some of these variables may delay the occurrence of cataract in population with type II diabetes mellitus; however, such speculation would need to be supported by future studies.
The limitation of the study was its inability to validate the causal relationship between identified risk factors and cataracts. Also, information on risk factors, like sunlight exposure and nutritional history, which may play an important role in cataractogenesis, was not taken into account. 
